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I/) (54) Title: PROCESS FOR THE PREPARATION OF SMECTITES USING WATERGLASS 

' — «; (57) Abstract: The present invention is directed to a process for the preparation of smectite type clays by hydrothermal treatment 
2 of a mixture containing a crystalline alumina, a divalent metal source, and waterglass. With the process according to the invention 
a method is provided for the direct preparation of smectite-type clays using inexpensive starting materials. Further with the process 
Q of the invention washing can often be avoided. It was further found that if waterglass is used with an additional type of silica source 
^ such as waterglass which has been ion exchanged and stabilized with ammonium ions, the surface area and sodium content of the 
^ resulting smectite-type clay can be influenced. 
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PROCESS FOR THE PREPARATION OF SMECTITES USING 
WATERGLASS 

5 

The present invention is directed to a process for the preparation of smectite 
type clays. Smectite-type clays such as saponites and montmorrillonite have 
several applications in the catalyst field and as absorbent. The preparation of 

10 smectite type clays has been described in several patent publications. 
Usually smectite-type clays are prepared by reacting under hydrothermal 
conditions a silicon source, an aluminium source, and a magnesium source. 
See for instance EP-0 398 429. The silicon sources described in this 
publication are amorphous silica and organic silicon compounds such as 

15 silicon esters and silanes. The magnesium sources described are inorganic 
magnesium salts, organic magnesium salts and magnesium hydroxide. The 
alumina sources described in this publication are aluminas such as alpha, 
gamma, or eta-alumina as well as various boehmite forms. Also organic 
aluminium salts are described such as aluminum tri-isopropylate. 

20 

In US 3,844,979 the preparation of saponite was described by hydrothermally 
treating a slurry containing aluminum trihydrate, magnesium hydroxide and an 
aqueous silica sol. 

25 In JP 0204841 1 the preparation of saponites is described by hydrothermal 
treatment of a dispersion containing a basic magnesium carbonate such as 
hydromagnesite, a sodium silicate or an amorphous silica-sodium silicate 
mixture and sodium alumina or a non-crystalline alumina. 

30 With the processes of the prior art rather expensive starting materials are 
used such as silica sols, amorphous silica, aluminium salts and magnesium 
salts. Especially organic salts are expensive starting materials. Furthermore, 
with the use of metal salts various ions are introduced in the smectite-type 
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clay, so that filtering and washing before obtaining the final product is often 
necessary. 

With the process according to the invention a method is provided for the direct 
5 preparation of smectite-type clays using inexpensive starting materials. 
Further with the process of the invention washing can often be avoided. 

To this end the present invention is directed to a process for the preparation of 
smectite-type clays by hydrothermal treatment of a mixture containing a 
10 crystalline alumina, a divalent metal source, and waterglass. 

Examples of crystalline alumina are boehmite and aluminum trihydrate, which 
is one of the most inexpensive alumina starting materials. Even the very crude 
grades of aluminum trihydrate such as gibbsite, BOC and bauxite can be used 

15 in the present process. Further, thermally treated forms of aluminium 
trihydrate can be used. Also boehmite is much less expensive than aluminium 
salts, especially organic aluminium salts. Further, with the use of aluminium 
trihydrate, its thermally treated forms or boehmite no ions are introduced 
beside OH and oxide which are the normal building blocks of smectite-type 

20 clays. In the process according to the invention also mixtures of crystalline 
aluminas can be used. Crystalline alumina such as aluminium trihydrate may 
be pre-treated prior to the addition to the reaction mixture. Said pre-treatment 
may involve treatment with acid, base treatment, thermal and/or hydrothermal 
treatment, all optionally in the presence of seeds or combinations thereof. It is 

25 not necessary to convert all of the aluminium source into smectite-type clay. 
Any excess aluminium will be converted into silica-alumina, alumina (usually 
in the form of y alumina or (crystalline) boehmite) and/or alumina-divalent 
metal during the aging step. These compounds improve the binding properties 
of the smectite type clay and may also provide different types of desirable 

30 functionalities. For instance, silica-alumina and alumina provide acid sites for 
catalytic cracking and alumina (crystalline) boehmite also improves the nickel 
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encapsulation capacity. The formation of, for example, (crystalline) boehmite 
may be promoted by adding seeds. 

Also waterglass is one of the most inexpensive silica sources known. It was 
5 found that waterglass can be used in combination with the above-mentioned 
crystalline aluminas for the preparation of smectite-type clays. It was further 
found that if waterglass is used with an additional type of silica source such as 
waterglass which has been ion exchanged and stabilized with ammonium 
ions, the surface area and sodium content of the resulting smectite-type clay 
10 can be influenced. 

Suitable divalent metal sources for the smectite-type clay are compounds 
containing Mg 2+ , Ca 2+ , Zn 2+ , Mn 2 \ Co 2+ , Mo 2+ , Ni 2 \ Fe 2 *, Sr 2 *, Ba 2+ , Cu 2+ , and 
mixtures of said compounds. Preferably oxides, hydroxides and carbonates of 

15 these metals are used because these types of metal compounds do not 
introduce additional ions into the smectite-type clay, but also nitrates, 
chlorides, sulfates and phosphates can be used. The most preferred divalent 
metal source is magnesium. The preferred magnesium sources are 
magnesium hydroxide, magnesium oxide, magnesium hydroxy carbonate, 

20 magnesium carbonate. It is not necessary to convert all of the divalent metal 
source smectite-type clay. Any excess magnesium will usually be converted to 
brucite or alumina-magnesia. For the sake of clarity, this excess of 
magnesium compounds in the shaped particle will be referred to in the 
description as magnesia. The presence of divalent metal, magnesia or 

25 alumina-magnesia in the smectite-type clay may provide desirable 
functionalities to the clay. The presence of magnesia provides basic sites 
which render the shaped body suitable for removing or neutralizing strong 
acid streams of gases or liquids. 

30 As mentioned above, the reaction is conducted under hydrothermal 
conditions. Within the context of this description hydrothermal means in the 
presence of water at a temperature above 100 °C at increased pressure. 
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Preferably the reaction takes place in water in an autoclave at a temperature 
above 1 00 °C, i.e. under autogeneous pressure. 

The reaction mixture may be obtained by either combining slurries of the 
5 starting materials or adding divalent metal source to a slurry of crystalline 
alumina and waterglass or vice versa . There is no need to wash or filter the 
product, as unwanted ions (e.g. sodium, ammonium, chloride, sulfate) which 
are frequently encountered when using other preparation methods, are absent 
in the product. If desired a preformed smectite type- clay may be added to the 

10 reaction mixture. Said preformed clay may be recycled smectite-type clay 
from the reaction mixture or smectite-type clay made separately by the 
process according to the invention or any other process. The various sources 
can be added in any sequence. The preparation of the reaction mixture can 
be carried out with or without stirring, at room temperature or elevated 

15 temperature. Optionally, the precursor mixture is homogenized by, for 
instance, milling. 

Because of its simplicity, this process can be carried out in a continuous mode 
by mixing of a first slurry comprising crystalline alumina, a second slurry 

20 comprising divalent metal source and a third containing waterglass passing 
the mixed slurry through a reactor vessel which can operate under 
hydrothermal conditions. Said first and/or second slurry and/or third slurry may 
be subjected to a treatment prior to mixing the slurries. Said pre-treatment 
may involve treatment with acid, base treatment, thermal and/or hydrothermal 

25 treatment, all optionally in the presence of seeds or combinations thereof. 

If desired inorganic acids and bases, for example for control of the pH, may be 
added to the slurry before or during reaction or to the individual reactants 
before combining them in the slurry. The acid and bases of choice are formic 
30 acid, acetic acid, nitric acid and ammonium hydroxide, because these types of 
acids and bases do not introduce unwanted ions in the reaction mixture. 
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For some applications it is desirable to have additives, both metals and non- 
metals, such as rare earth metals, Si, P, B, group VI, group VIII, alkaline earth 
(for instance Ca and Ba) and/or transition metals (for example Mn, Fe, Ti, Zr, 
Cu, Ni, Zn, Mo, Sn), present. Said metals can easily be deposited on the 
5 smectite-type clay. They can also be added either to the divalent metal source 
or the crystalline alumina, or the waterglass or to the slurry during preparation 
of the smectite-type clay. With the help of additives the smectite-type clay may 
be provided with desired functionalities, or the desired functionality may be 
increased by the addition of additives. The suitability of smectite-type clay for 
10 the metal trapping in FCC may be improved by the addition of Zn. The 

presence of V and Zn improves the suitability for removal of S-compounds in 
the gasoline and diesel fraction of FCC. 

Smectite-type clay has several applications in the catalyst field and as 

15 absorbents. For most commercial applications crystalline clays are formed 
into shaped bodies such as spheres. In all these applications where shaped 
bodies are exposed to severe processing conditions and environments, such 
as oil refinery applications, separations, purifications, and absorption 
processes, it is of paramount importance that the integrity of the smectite-type 

20 clay-containing shaped bodies is kept intact and attrition is prevented. 
Therefore, the process of the invention also includes the shaping of the 
smectite-type clay. The formed smectite-type clay prepared with the process 
according to the invention may easily be incorporated into binder or matrix 
material in order to obtain attrition resistant shaped bodies. It can even be 

25 shaped directly from the hydrothermally treated reaction mixture. Commonly 
used binder or matrix material is alumina prepared from alumina precursors 
such as aluminium chlorohydrol, soluble alumina salts, and acid dispersed 
pseudoboehmite, silica such as silica sols, silicates, silica-alumina cogels, and 
combinations thereof. Suitable shaping methods include spray-drying, 

30 pelletising, extrusion (optionally combined with kneading), beading, or any 
other conventional shaping method used in the catalyst and absorbent fields 
or combinations thereof. The amount of liquid present in the shaping mixture 
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or hydrothermally treated reaction mixture used for shaping should be 
adapted to the specific shaping step to be conducted. It might be advisable to 
(partially) remove the liquid used in the hydrothermally treated reaction 
mixture or shaping mixture and/or add additional or other liquid, and/or 
5 change the pH of the mixture to make the mixture gellable and thus suitable 
for shaping. Various additives commonly used in the various shaping methods 
such as extrusion additives may be added to the precursor mixture used for 
shaping 

10 The process according to the invention may be conducted batch-wise or in a 
continuous mode, optionally in a continuous multi-step operation. The process 
may also be conducted partly continuous and partly batch-wise 

The smectite-type clay-containing bodies may also be prepared to contain 
15 conventional catalyst components such as matrix or filler material (e.g. clay 
such as kaolin, titanium oxide, zirconia, alumina, silica, silica-alumina, 
bentonite etcetera), molecular sieve material (e.g. zeolite Y , ZSM-5 etcetera). 
Said conventional catalyst components may be added prior to the shaping 
step. With the method according to the invention, multiply functional bodies 
20 can be prepared which can be used as a catalyst or as a catalyst additive. 

If desired, the smectite-type clay prepared by the process according to the 
invention may be subjected to ion exchange to change the chemical and 
physical properties of the clay. Said ion exchange can be conducted prior to 
25 or after shaping. Suitable ion exchange compounds include any metal cation 
containing compound such as compounds containing Cu, Al, Mg, Zn, pillaring 
cations such as aluminum chlorohydrol, transition metals, e.g. Ni, Rare earths 
etcetera. 

30 The present invention is further illustrated by the following examples which are 
not to be construed as being limitative. 
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EXAMPLES 
Example 1 

5 A slurry containing gibbsite (aluminum trihydrate), magnesium oxide and 
waterglass was homogenized and hydrothermally treated in an autoclave at 
170 °C for 2 hours. The product was filtered and analyzed with X-ray. The 
XRD indicated the presence of saponite. The surface area of the saponite was 
650 m 2 /g. 

10 

Example 2 

Example 1 was repeated except that waterglass was used which had been ion 
exchanged and stabilized with ammonium ions. The resulting saponite had a 
15 surface area of 550 m 2 /g and lower sodium content. This example shows that 
the surface area of the saponite can be controlled by using two different types 
of silica sources in the process according to the invention. 
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CLAIMS 

5 1 . Process for the preparation of smectite-type clays by hydrothermal 

treatment of a mixture containing a crystalline alumina, a divalent metal 
source, and waterglass. 

2. Process according to claim 1 wherein the crystalline alumina is aluminum 
10 trihydrate or its thermally treated form or boehmite. 

3. Process according to any one of preceding claims 1-3 wherein the divalent 
metal source is a magnesium compound. 

15 4. Process according to claim 4 wherein the magnesium compound is an 
oxide, hydroxide, a carbonate or a mixture thereof. 

5. Process according to any one of preceding claims 1-4 wherein in addition 
to waterglass an additional silica source is present in the mixture. 

20 

6. Process according to claim 5 wherein the additional silica source is 
waterglass which has been ion exchanged and stabilized with ammonium 
ions. 

25 7. Process according to any one of the preceding claims 1-6 wherein the 
hydrothermally treated mixture is, optionally dried and, shaped. 

8. Smectite-type clay-containing shaped body obtainable by the process of 
claim 7. 

30 
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